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Abstract—Self-sustainable communications based on advanced
energy harvesting technologies have been under rapid development,
which facilitate autonomous operation and energy-efficient trans-
mission. Recently, ambient backscattering that leverages existing
RF signal resources in the air has been invented to empower data
communication among low-power devices. In this paper, we intro-
duce hybrid device-to-device (D2D) communications by integrating
ambient backscattering and wireless-powered communications. The
hybrid D2D communications are self-sustainable, as no dedicated
external power supply is required. However, since the radio signals
for energy harvesting and backscattering come from external RF
sources, the performance of the hybrid D2D communications needs
to be optimized efficiently. As such, we design two mode selection
protocols for the hybrid D2D transmitter, allowing a more flexible
adaptation to the environment. We then introduce analytical models
to characterize the impacts of the considered environment factors,
e.g., distribution, spatial density, and transmission load of the ambi-
ent transmitters, on the hybrid D2D communications performance.
Extensive simulations show that the repulsion factor among the
ambient transmitters has a non-trivial impact on the communication
performance. Additionally, we reveal how different mode selection
protocols affect the performance metrics.
Index terms- Internet-of-Things (IoT), Ambient backscatter,
wireless-powered communications, D2D communications, RF en-
ergy harvesting.
I. INTRODUCTION
With the advent of the Internet-of-Things (IoT) [1], [2], intel-
ligent devices, such as smart household devices [3], renewable
sensors [4], vehicular communicators, RFID tags, and wearable
health-care gadgets, have become increasingly interconnected at
an unprecedented scale. In this context, device-to-device (D2D)
communications [5], which empower devices in proximity to
establish direct connections without an involvement of any cel-
lular base stations, appear to be a cost-effective and energy-
efficient solution. Recent research efforts [6], [7] have shown that
D2D communications have achieved evident performance gains
in terms of network coverage and capacity, peak rates, throughput,
communication latency and user experience. Therefore, it is
envisioned to be an intrinsic part of the IoT.
Lately, ambient backscatter communications [8] have appeared
to be a promising self-sustainable communication paradigm. In
ambient backscattering, the information transmission is done by
load modulation which does not involve active RF generation. In
particular, an ambient backscattering device tunes the antenna
load reflection coefficient by switching between two or more
impedances, resulting in a varied amount of incident signal to be
backscattered. In principle, when the impedance of the chosen
load matches with that of the antenna, a small amount of the
signal is reflected, exhibiting a signal absorbing state. Conversely,
if the impedances are not matched, a large amount of the signal
is reflected, indicating a signal reflecting state. A backscatter
transmitter can use an absorbing state or reflecting state to
transmit a ‘0’ or ‘1’ bit. Based on the detection of the amount
of the reflected signal, the transmitted information is decoded at
the receiver.
Unlike conventional backscatter communication (e.g., for pas-
sive sensors and RFID tags), ambient backscattering functions
without the need of a dedicated carrier emitter (e.g., an RFID
reader). Instead, an ambient backscatter device utilizes exogenous
and incident RF waves as both energy resource to scavenge
and signal resource to reflect. Moreover, ambient backscattering
is featured with coupled backscattering and energy harvesting
processes [9]. To initiate information transmission, the device
first extracts energy from incident RF waves through rectifying.
Once the rectified DC voltage is above an operating level of
the circuit, the device is activated to conduct load modulation.
Simultaneously, backscatter modulation is done on the reflected
wave, enabling a full-time transmission. For example, a recent
experiment in [10] demonstrated that a 1 Mbps transmission rate
can be achieved at the distance of 7 feet, when the incident RF
power available is above -20 dBm.
Despite many benefits, ambient backscatter communications
have drawbacks that limit their applicability for D2D commu-
nications. Specifically, ambient backscattering achieves relatively
low data rate, typically ranging from several to tens of kbps [8],
[11], which largely constrains the applications. A relatively high
signal-to-noise ratio (SNR) is required to realize a low-error trans-
mission with modulated backscatter. Moreover, the transmission
distance is limited, typically ranging from several feet to tens of
feet [8], [10] due to severe propagation attenuation and embedded
modulation for an intended receiver. To address these short-
comings, in this paper, we introduce a novel hybrid D2D com-
munication paradigm that integrates ambient backscattering and
wireless-powered communications [12]–[14] as a self-sustainable
communication method. For communication, the proposed hybrid
D2D transmitter harvests energy from ambient RF signals and
can select to perform ambient backscattering or wireless-powered
communications with the aim of extending the applicability as
well as functionality. Through the analysis, we show that these
two technologies can well complement each other and result in
better performance for D2D communications.
Notations: In the following, we use E[·] to denote the average
over all random variables in [·], EX [·] to denote the expectation
over the random variable X , and P[E] to denote the probability
that an event E occurs. Besides, ‖x‖ is used to represent the
Euclidean norm between the coordinate x and the origin of the
Euclidean space. z¯ and |z| denote the complex conjugate and
modulus of the complex number z, respectively. The notations
fX(·), FX(·), MX(·) and LX(·) are used to denote, respectively,
the probability density function (PDF), cumulative distribution
function (CDF), moment generating function (MGF), and Laplace
transform of a random variable X .
II. AMBIENT BACKSCATTERING ASSISTED
WIRELESS-POWERED COMMUNICATIONS
We now propose a novel hybrid transmitter that combines
two self-sustainable communication approaches, i.e., ambient
backscatter communications and wireless-powered communica-
tions. On one hand, ambient backscatter communications can
be operated with very low power consumption. Thus, ambient
backscattering may still be performed when the power den-
sity of ambient RF signals is low. On the other hand, the
wireless-powered communications, also referred to as harvest-
then-transmit (HTT) [15], [16], though have higher power con-
sumption, can first accumulate harvested energy and achieve
possibly longer transmission distance through active RF trans-
mission. Therefore, these two approaches can well complement
each other and result in better transmission performance.
We depict the block diagrams of the hybrid transmitter and
hybrid receiver in Fig. 1. With the proposed architecture, the
hybrid transmitter is flexible to perform active data transmission,
backscattering, and RF energy harvesting. At the receiver, a
dual-mode circuit can demodulate data from both the modulated
backscatter and active RF transmission. The mode selection can
be done by the hybrid transmitter through signaling.
We consider the hybrid D2D communications coexisting with
ambient RF transmitters, e.g., cellular base stations and mobiles.
Fig. 1 illustrates our proposed system model. We consider two
groups of coexisting ambient transmitters, denoted as Φ and Ψ,
respectively, which work on different frequency bands. The RF
energy harvester of the hybrid transmitter denoted as S scavenges
on the transmission frequency of Φ (e.g., ambient base stations).
If the hybrid transmitter is in ambient backscattering mode,
it performs load modulation on the incident signals from Φ.
Alternatively, when the hybrid transmitter is in HTT mode, it
harvests energy from ambient transmitters in Φ, and transmits
over a different frequency band used by ambient transmitters in
Ψ (e.g., ambient mobile users). The received signal at the hybrid
receiver denoted as D from the hybrid transmitter is impaired by
the interference from Ψ. We assume Φ and Ψ follow independent
α-Ginibre point process (GPP) [17], where α ∈
(
0, 1
]
represents
the repulsion factor which measures the correlation among the
spatial points in Φ and Ψ, respectively.
Without loss of generality, the point processes Φ and Ψ are
assumed to be supported on the circular observation windows
OS and OD with radius R, which are centered at S and D,
respectively. The transmit power of the ambient transmitters
Fig. 1. Illustration of the hybrid D2D communication.
belonging to Φ and Ψ are denoted as PA and PB , respectively.
Let ζA and ζB denote the spatial density of Φ and Ψ, respectively.
Let A (and B) denote the set of active ambient transmitters
of Φ (and Ψ) observed in OS (and OD). We assume that the
probability that an ambient transmitter in Φ (and Ψ) is active is
an independent and identically distributed (i.i.d.) random variable,
denoted as lA (and lB). lA and lB can also be interpreted as
the transmission load, which measures the fraction of time that
an ambient transmitter in Φ and Ψ, respectively, is active. It is
worth noting that the sets of active transmitters in Φ and Ψ in
the reference time are independent thinning point processes of Φ
and Ψ with spatial density lAζA and lBζB , respectively. Let ξ
represent the ratio between ζB and ζA, i.e., ξ = ζB/ζA, referred
to as the interference ratio. A larger value of ξ indicates a higher
level of interference.
Let xS represent the location of the hybrid transmitter. The
power of the incident RF signals at the antenna of S can be calcu-
lated as PI = PA
∑
a∈A ha,S‖xa−xS‖
−µ, where ha,S represents
the channel gain between the ambient transmitter a ∈ A and S,
and µ denotes the path loss exponent. The circuit of the hybrid
transmitter becomes functional if it can extract sufficient energy
from the incident RF signals. When the hybrid transmitter works
in different modes (i.e., either HTT or ambient backscattering),
the hardware circuit consumes different amounts of energy.1 Let
ρB and ρH denote the circuit power consumption rates (in Watt)
in ambient backscattering and HTT modes, respectively. If the
hybrid transmitter cannot harvest sufficient energy, an outage
occurs.
In the ambient backscattering mode, if the instantaneous energy
harvesting rate (in Watt) exceeds ρB, the hybrid transmitter can
perform backscatter modulation. During backscattering process, a
fraction of the incident signal power, denoted as PH , is rectified
for conversion from RF signal to direct current (DC), and the
residual amount of signal power, denoted as PR, is reflected to
carry the modulated information. In the ambient backscattering
1The typical power consumption rate of an RF-powered transmitter ranges
from hundreds of micro-Watts to a few milli-Watts [18]–[20], while that of a
backscatter transmitter ranges from a few micro-Watts to hundreds of micro-
Watts [10].
mode, the energy harvesting rate (in Watt) can be represented
as [21], [22] PBE = βPH = βηPI , where 0 < β ≤ 1 denotes
the efficiency of RF-to-DC energy conversion, and η represents
the fraction of the incident RF power for RF-to-DC energy
conversion. Note that the value of η depends on the symbol
constellation adopted for multi-level load modulation [21]. For
example, η is 0.625 on average assuming equiprobable symbols
if binary constellations are adopted with modulator impedance
values set at 0.5 and 0.75 [22].
Let xD represent the location of the hybrid receiver. d=‖xS−
xD‖ denotes the distance between S and D. Then, in ambient
backscattering mode, the power of the received backscatter at
D from S can be calculated as PS,D = δPI(1 − η)hS,Dd
−µ if
PBE > ρB and PS,D = 0 otherwise, where 0 < δ ≤ 1 is the
backscattering efficiency of the transmit antenna, which is related
to the antenna aperture [23], and hS,D denotes the channel gain
between S and D on the transmission frequency of Φ. If S is
active in the ambient backscattering mode, the resulted SNR at
D is
νB =
PS,D
σ2
=
δPI(1− η)hS,D
dµσ2
, (1)
where σ2 is the power spectrum density of additive white
Gaussian noise (AWGN). If the received SNR νB is above a
threshold τB, D is able to successfully decode information from
the modulated backscatter at a pre-designed rate TB (in bits per
second (bps)). This backscatter transmission rate is dependent on
the setting of resistor-capacitor circuit elements [8].
When the hybrid transmitter S chooses to adopt active RF
transmission, it is operated by the HTT protocol [15]. In the HTT
mode, the hybrid transmitter works in a time-slot based manner.
Specifically, in each time slot, the first period, with time fraction
ω, is for harvesting energy, during which the impedance of the
matching network is tuned to fully match to that of the antenna
to maximize the energy conversion efficiency. The corresponding
energy harvesting rate is PHE = ωβPI . This harvested energy is
first utilized to power the circuit. Then the remaining energy, if
available, is stored in an energy storage. If the harvested energy
is enough to operate the circuit, the hybrid transmitter spends the
rest of the period (1−ω) to perform active transmission with the
stored energy.
In the active transmission phase, the transmit power of S is
PS =
PHE−ρH
1−ω if P
H
E > ρH and PS = 0 otherwise. Then, the
received signal-to-interference-and-noise ratio (SINR) at D can
be expressed as
νH =
PSh˜S,Dd
−µ∑
b∈B PBhb,D‖xb − xD‖
−µ + σ2
, (2)
where h˜S,D denotes the channel gain between S and D on the
transmit frequency of Ψ, and hb,D is the channel gain from
ambient transmitter b ∈ B to D.
As the hybrid D2D communications and the transmission from
ambient transmitters may be performed in different environments,
we consider different fading channels for hS,D, h˜S,D, ha,S and
hb,D. Specifically, hS,D and h˜S,D are assumed to follow Rayleigh
distribution. Both ha,S and hb,D follow i.i.d. Nakagami-m dis-
tribution, which is a general channel fading model that contains
Rayleigh distribution as a special case when m = 1. This channel
model allows a flexible evaluation of the impact of the ambient
signals. Let G(x, y) represent the gamma distribution with shape
parameter x and scale parameter y, and E(x) represent the
exponential distribution with rate parameter x. Thus, the channel
gain coefficients are expressed as ha,S, hb,D ∼ G(m, 1/m) and
hS,D, h˜S,D ∼ E(1).
For the operation of our proposed hybrid transmitter, we
consider two mode selection protocols, namely, power threshold-
based protocol (PTP) and SNR threshold-based protocol (STP).
• With PTP, a hybrid transmitter first detects the available
energy harvesting rate PHE . If P
H
E is below the threshold
which is needed to power the RF transmitter circuit (for
active transmission), i.e., PHE ≤ ρH, the ambient backscat-
tering mode will be used. Otherwise, the HTT mode will be
adopted.
• With STP, the hybrid transmitter first attempts to transmit by
backscattering. If the achieved SNR at the receiver is above
the threshold which is needed to decode information from
the backscatter, i.e., νB > τB, the transmitter will be in the
ambient backscattering mode. Otherwise, it will switch to
the HTT mode.
III. PERFORMANCE ANALYSIS
In this section, we focus on analyzing the coverage probability
of the hybrid D2D transmitter which is defined as the probability
that the hybrid transmitter can successfully transmit data to its
receiver. The transmission of the hybrid transmitter is successful
if the achieved SNR or SINR at the associated receiver exceeds
its corresponding target threshold τB or τH in backscattering
mode or in HTT mode, respectively. Let CM denote the coverage
probability of the hybrid transmitter being in mode M ∈ {B,H}.
Then, the overall coverage probability is defined as
C , E[EM[CM|M]] = E
[
EM[P[νM > τM, P
M
E > ρM|M]]
]
. (3)
In the following, the performance analysis of the hybrid D2D
communication is based on a general class of stochastic geometry
tool, namely α-GPP [17]. α-GPP is a repulsive point process
which allows to characterize the repulsion among the distribution
of the randomly located points and has the Poisson point process
(PPP) as a special case (i.e., when α → 0). Recently, α-GPP
has attracted considerable attention in wireless network modeling
[24]–[27] because it renders tractable analytical expressions in
terms of Fredholm determinants. The Fredholm determinant is a
generalized determinant of a matrix defined by bounded operators
on a Hilbert space and has shown to be an efficient way for
numerical evaluation of the relevant quantities [28]. We refer
to [17], [28] for a formal definition of an α-GPP and the
mathematical details.
Based on the α-GPP framework, we have the coverage prob-
ability of PTP described as follows.
Theorem 1. The coverage probability of the hybrid D2D com-
munications under PTP is
CPTP=FPI
( ρH
ωβ
) ∫ ∞
ρB/βη
exp
(
−
τBd
µσ2
δρ (1− η)
)
fPI (ρ)dρ
+(
1−FPI
( ρH
ωβ
))∫ ∞
ρH/βω
exp
(
−
τHd
µσ2(1− ω)
ωβρ− ρH
)
×Det (Id + αBΨ(ρ))
−1/α
fPI (ρ)dρ (4)
where Det(·) represents the Fredholm determinant [28], FPI (ρ)
and fPI (ρ) are the CDF and PDF of PI given, respectively, as
FPI (ρ) = L
−1
{
Det(Id + αAΦ(s))
−1/α
s
}
(ρ), (5)
and
fPI (ρ) = L
−1{Det(Id + αAΦ(s))
−1/α}(ρ), (6)
wherein L−1 means inverse Laplace transform and AΦ(s) is
given by
AΦ(s) =
√
1−
(
1 +
sPA
m‖x− xS‖µ
)−m
GΦ(x,y)
×
√
1−
(
1 +
sPA
m‖y− xS‖µ
)−m
, (7)
and BΨ(ρ) is
BΨ(ρ)=
√
1−
(
1+
τHdµ(1−ω)PB
m(ωβρ−ρH)‖x−xD‖µ
)−m
GΨ(x,y)
×
√
1−
(
1+
τHdµ(1−ω)PB
m(ωβρ−ρH)‖y−xD‖µ
)−m
, (8)
wherein GΨ is the Ginibre kernel of Ψ defined as
GΨ(x,y)= lBζB e
pilBζBxy¯e−
pilBζB
2
(|x|2+|y|2),x,y ∈ B. (9)
Proof. We first determine the distribution of the aggregated
received power from ambient transmitters at the origin by cal-
culating its Laplace transform. Specifically, we have
LPI (s) = E
[
exp
(∑
a∈A
ln
((
1 +
sPA
m‖x− xS‖µ
)−m))]
(i)
= Det(Id + αAΦ(s))
−1/α, (10)
where Mh(·) is the MGF of ha,S and (i) follows by applying
[28, Theorem 2.3], and AΦ is given in (7).
Given the Laplace transforms of PI , by definition, the PDF of
PI is attained by taking the inverse Laplace transform as follows
fPI(ρ) = L
−1{Det(Id + αAΦ(s))
−1/α}(ρ), (11)
Furthermore, integrating PDF in (11) yields
FPI(ρ) = L
−1
{
Det(Id + αAΦ(s))
− 1
α
s
}
(ρ). (12)
One notices that the probability that S is in ambient backscat-
tering mode under PTP, denoted as BPTP, is equal to the CDF
of PI evaluated at
ρH
ωβ , which is expressed as
BPTP=FPI
(
ρH
ωβ
)
=L−1
{
Det(Id+αAΦ(s)
−1/α
s
}(
ρH
ωβ
)
. (13)
We then continue to calculate the coverage probability in the
ambient backscattering mode. By the definition of CB, we have
CB = EPI
[
P
[
hS,D>
τBd
µσ2
δPI (1− η)
∣∣∣∣∣PI
]
1PI>ρB/βη
]
=
∫ ∞
ρB/βη
exp
(
−
τBd
µσ2
δρ (1− η)
)
fPI (ρ)dρ. (14)
where 1E denotes the indicator function of an event E which is
equal to 1 when E holds and 0 otherwise.
Let Q = ξ
∑
b∈B PBhb,D‖xb − xD‖
−µ denote the aggregated
interference at the receiver. From (3), we then derive the coverage
probability in the HTT mode as in (15) after some mathematical
manipulations.
CH =
∫ ∞
ρH/βω
exp
(
−
τHd
µσ2(1− ω)
ωβρ− ρH
)
×Det (Id + αBΨ(ρ))
−1/α
fPI (ρ)dρ, (15)
where BΨ(ρ) is defined in (8).
By definition in (3), the coverage probability under PTP can
be written as
CPTP = BPTPCB + (1− BPTP)CH. (16)
Then, by plugging BPTP in (13), CB in (14) and CH in (15)
into (16), we have (4).
Moreover, we derive the coverage probability for STP in the
following Theorem.
Theorem 2. The coverage probability of the hybrid D2D com-
munications under STP is given as
CSTP=
∫ ∞
ρH
βω
exp
(
−
τHd
µσ2(1−ω)
ωβρ−ρH
)
Det(Id+αBΨ(ρ))
−1/α
× fPI (ρ)dρ×
[∫ ∞
ρB
βη
exp
(
−
τBd
µσ2
δρ(1 − η)
)
fPI (ρ)dρ
]2
+
∫ ρB
βη
0
exp
(
−
τBd
µσ2
δρ(1 − η)
)
fPI (ρ)dρ, (17)
where fPI (ρ) has been obtained in (6), and BΨ(ρ) have been
defined in (8).
Proof. Let BSTP denote the probability that S is in ambient
backscattering mode under STP. According to the criteria of STP,
CSTP can be expressed by CPTP in (16) with BPTP replaced by
BSTP. One simply notes that the definition of BSTP is equivalent
to the expression of CB in (14). Hence, we have
BSTP =
∫ ∞
ρB/βη
exp
(
−
τBd
µσ2
δρ (1− η)
)
fPI (ρ)dρ. (18)
Therefore, (17) can be obtained from (4) through the afore-
mentioned replacement.
IV. PERFORMANCE EVALUATION AND ANALYSIS
In this section, we validate our derived analytical expressions
and conduct performance analysis based on numerical simula-
tions. The transmit power levels of the transmitters in Φ and Ψ
are set to be PA = PB = 0.2 W, which are within the typical
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range of uplink transmit power for mobile devices. When the
hybrid transmitter is in the HTT mode, we assume equal time
duration for energy harvesting and information transmission. In
the ambient backscattering mode, the hybrid transmitter functions
with power consumption ρB = 8.9 µW and achieves a data rate of
TB =1 kbps if the transmission is successful. The other system
parameters adopted in this section are listed in Table I unless
otherwise stated.
For comparison purpose, we evaluate the performance of a
pure wireless-powered transmitter operated by the HTT protocol
and a pure ambient backscatter transmitter as references, the
plots of which are labeled as “Pure HTT” and “Pure Ambi-
ent Backscattering”, respectively. The performance of a pure
wireless-powered transmitter (called pure HTT transmitter) and a
pure ambient backscatter transmitter can be obtained by setting
the hybrid transmitter in HTT mode and ambient backscattering
mode, respectively, in all conditions. Specifically, the coverage
probabilities of the pure ambient backscatter transmitter and the
pure HTT transmitter can be evaluated by CB in (14) and CH in
(15), respectively.
Fig. 2 and Fig. 3 illustrate how the coverage probabilities CPTP
and CSTP obtained in (4) and (17), respectively, vary with ambient
transmitter density ζA. The accuracy of the coverage probability
expressions is validated by the simulation results with different
0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05
ζA
0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1
Co
ve
ra
ge
 P
ro
ba
bi
lity
PTP
STP
Pure Ambient Backscattering
Pure HTT
(a)
0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
ζA
0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1
Co
ve
ra
ge
 P
ro
ba
bi
lity
PTP
STP
Pure Ambient Backscattering
Pure HTT
(b)
Fig. 4. Comparison of coverage probabilities as a function of ζA. ((a) ξ = 0.2,
(b) ξ = 0.8)
values of α under different transmission loads and Nakagami
fading coefficients. In principle, the improvement of the coverage
probability can be achieved with increased transmit power at the
hybrid transmitter (either in ambient backscattering mode or HTT
mode), thus requiring more incident power. Correspondingly, the
incident power becomes higher with larger density ζA, repulsion
factor α, transmission load lA, and Nakagami shape parameterm.
The mentioned tendencies of the coverage probability have been
verified for both PTP and STP in Fig. 2 and Fig. 3, respectively,
which indicates that both CPTP and CSTP are monotonically
increasing functions of ζA, α, lA and m. Note that from Fig. 2,
with the increase of ζA, the coverage probability approaches a
value smaller than 1. This is because, given an interference ratio
ξ, the increase of ζA not only provides the hybrid transmitter
with more harvested energy to transmit, but also leads to more
interference that harms the transmission.
Fig. 4 compares coverage probability (as a function of density
ζA) of PTP, STP, pure ambient backscattering, and pure HTT.
When ξ is small (i.e., ξ = 0.2) as shown in Fig. 4a, the pure HTT
transmitter achieves significantly higher coverage probabilities.
However, in the case with high interference ratio (i.e., ξ = 0.8)
as depicted in Fig. 4b, their performance gap becomes smaller and
pure ambient backscattering outperforms pure HTT when ζA is
TABLE I
PARAMETER SETTING.
Symbol µ d R η β δ τH τB ρH σ
2
Value 4 5 m 100 m 0.625 30 % 1 -40 dB 5 dB 113 µW -90 dBm
large (e.g., above 0.06). This is because with this condition, CH is
adversely affected by the high interference. We also observe that
PTP achieves similar performance to that of STP under small ζA
and is obviously outperformed by STP as ζA grows larger (e.g.,
above 0.06). The reason behind this is that PTP selects operation
mode solely based on the incident power and is unaware of the
interference level. Consequently, it remains in the HTT mode
even when the achieved SINR is low. This reflects that STP is
more suitable for the use in an interference rich environment.
V. CONCLUSION
In this paper, we have introduced a novel paradigm of hybrid
D2D communications that integrate ambient backscattering and
wireless-powered communications. To enable the operation of our
proposed hybrid transmitter in diverse environments, two mode
selection protocols, namely PTP and STP, have been devised
based on the energy harvesting rate and received SNR of the
modulated backscatter, respectively. Through repulsive point pro-
cess modeling, we have characterized the coverage probability of
the hybrid D2D communications. The performance analysis has
shown that the self-sustainable D2D communications benefit from
larger repulsion, transmission load and density of the ambient
transmitters. Moreover, we have found that PTP is more suitable
for the use in the scenarios with a large density of ambient
transmitters and low interference level. On the contrary, STP
becomes favorable in the scenarios when the interference level
and density of ambient transmitters are both low or both high.
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